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The invention relates to a method for the isolation of a substantially pure polypeptide from a recombinant bacterial host by 
culturing the host under recombinant protein-producing conditions followed by heating the aqueous nutrient medium to 
SO-IOO'C for a time not to exceed 1 hour and recovering the substantially pure polypeptide so produced. 
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TITLE OF THE INVENTION 

Thermal release of recombinant protein into culture media . 

FIELD OF THE INVENTION 

The invention relates to methods for the isolation of 
substantially pure polypeptides from recombinant micro- 
organisms. 

BACKGROUND OF THE INVENTION 

The use of bacteria to express foreign genes has* faced 
many practical and biological problems, including the instabi- 
lity of the polypeptide due to proteolysis, low levels of 
expression, and precipitation of the protein product. 
Precipitation is correlated to misfolding and lack of biologi- 
cal activity of the protein after purification. To solve 
these problems, a variety of techniques have been developed to 
enhance the expression of gene products by transformed hosts. 
These methods include the use of various promoters to allow 
the regulation of the level of expression, gene fusions to 
stabilize normally unstable proteins in the cell, and the use 
of signal peptides to translocate proteins out of the cyto- 
plasm to the periplasmic space. For example, Abrahamsen, I., 
et al . , European Patent Application Publication No. 0 225 860, 
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published June 16, 1987, discloses methods for the isolation 
of expressed gene products having signal sequences from 
coll by induction of filamentous growth, where the expression 
of the desired gene product is dependent on the heat shock 
response. This response results in a quantitative leakage of 
periplasmic located proteins to the growth medium at tempera- 
tures of 30-42'C. Using these conditions, high expression and 
export of protein A was reported. However, this method is 
useful only for genes encoding signal sequences fused to 
protein A. Therefore, it is not widely applicable to all 
genes. 

Proteins produced by host cells are normally trapped 
within the cells or secreted into the surrounding growth 
medium. In the former case, the cells must be ruptured to 
permit the desired protein to be isolated, whereas in the 
latter case, it can be separated from the growth media. Even 
in the case of secreted proteins, the preparation from which 
the protein is to be isolated is relatively complex, contain- 
ing a variety of other substances. Despite efficient separa- 
tion techniques, both the purity and the yield of the desired 
protein may be low. Lofdahl, S., et al. . PC T application, 
publication no. WO 84/03103, published 16 August 1984. 

Lofdahl et al . , supra, have developed methods for 
selectively isolating a desired protein or polypeptide by 
constructing a recombinant vector containing a DNA sequence 
coding for the desired protein or polypeptide which is 
operatively linked to a DNA sequence coding for protein A. 
The expressed fusion protein is then selectively isolated by 
absorbing onto an IgG- supporting carrier, which binds protein 
A, followed by desorption of the fusion protein. The fusion 
protein is then cleaved at a unique cleavage site with a 
cleavage agent, which may include proteases, hydroxy 1 amine, 
cyanogen bromide or formic acid, to give the purified protein! 
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Oespite the above-described methods for isolating 
polypeptides produced by recombinant means, a need continues 
to exist for methods which allow the selective production of 
substantially pure polypeptides. 

SUMMARY OF THE INVENTION 

The invention relates to a method for the isolation of a 
substantially pure polypeptide expressed by a recombinant host 
comprising: 

(a) cultivating on an aqueous nutrient medium, 
under recombinant protein producing conditions, a micro- 
organism transformed by a vector comprising a DNA sequence 
encoding said polypeptide, said vector further comprising 
expression signals which are recognized by said host and which 
direct the expression of said DNA sequence; 

(b) heating said aqueous nutrient medium to 50- 
100°C for a time not to exceed one hour to cause release of 
substantially pure polypeptide from the host; and 

(c) recovering said substantially pure polypeptide 
from the aqueous nutrient medium. 

Unexpectedly, it has been discovered that when a recom- 
binant host is heated to 50-100°C for a time not to exceed 1 
hour, high levels of substantially pure polypeptide are 
released into the growth media. This method does not rely on 
filamentous growth of the host as taught by Abrahamsen et al . , 
supra , and in fact results in almost immediate and complete 
cell death at 70-80°C. 

DESCRIPTION OF THE FIGURES 

Figure 1 depicts a densitometric scan of a whole cell E^ 
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coli extract of protein G separated by polyacryl amide electro- 
phoresis. 

F1 ^ ure 2 depicts a densitometric scan of the supernatant 
separated by polyacryl amide electrophoresis after heating an 
aqueous nutrient medium containing E. coli transformed with a 
vector containing a gene encoding protein G to 80°C for 5 
minutes. The major peak is protein G. 

DESCRIPTION OF THE PRFFFRRED EMBODIMENTS 

The invention is directed toward a method for the 
isolation of substantially pure polypeptide from a recombinant 
bacterial host by culturing the host under protein-producing 
conditions, heating the aqueous nutrient medium to 50-100°C 
for a time not to exceed 1 hour, and isolating the substan- 
tially pure polypeptide so produced. Although longer heating 
times and higher temperatures may be utilized, they are not 
preferred since degradation of the protein occurs under these 
harsher conditions. 

Preferred bacterial hosts include Gram-negative organ- 
isms, in particular, E. coli, Erwinia sn . and Klebsiella sn 
The most preferred host is E. coli . 

Preferably, the aqueous nutrient medium is heated to 50- 
100 e C for about 5 minutes. Host preferably, the aqueous 
nutrient medium is heated to about 80'C for about 5 minutes. 
Under the most preferable conditions, substantially pure 
polypeptide is released into the culture media free from 
significant degradation. The method has the added advantage 
that endogenous proteases are inactivated by the high tempera- 
tures of the method, thus preventing proteolysis of the 
polypeptide. 

By the term "polypeptide" is intended protein G or 
protein G variants having the immunoglobulin binding proper- 
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ties of protein G, protein A or protein A variants having the 
immunoglobulin binding properties of protein A, and those 
polypeptides which may be produced in substantially pure form 
by the method of the invention, which include any peptide 
which does not irreversibly denature at 50-100°C and which can 
penetrate the cell wall during the heating procedure. Such 
proteins may include, but are not limited to, small proteins 
such as hormones, e.g., parathyroid hormone, growth hormone, 
ganadotropins (FSH, luteinizing hormone, choriogonado- 
tropin), insulin, ACTH, prolactin, placental lactogen, 
melanocyte stimulating hormone, thyrotropin, calcitonin, 
enkephalin, angiotensin, and small cytokines. 

In a preferred embodiment, the recombinant microorganism 
contains a vector containing the gene which encodes protein G. 
Vectors which contain the genes which encode protein G and 
protein G variants which have the immunoglobulin binding 
properties of protein G are described, for example, in 
International Application PCT/US87/00329, co-pending U.S. 
Application Serial No. 063,959, filed June 19, 1987, and co- 
pending U.S. Application Serial No. 209,236, filed June 20, 
1988, the disclosures of which are incorporated by reference 
herein in their entirety. The vectors may incorporate 
promoters derived from, for example, bacteriophage, especially 
bacteriophage lambda, the E. coli tryptophan operon, the Ll 
coli lac operon, the E. coli ^-glucuronidase locus, etc. 
Suitable recombinant hosts, disclosed in copending U.S. 
Application Serial No. 063,959, include E. coli GX7820, £± 
coll GX7823, E. coli GX8464, and E. coli GX8465. Most 
preferably, the production organism is the transformed host L 
coli GX1201 or E. coli GX6705, which contains the vector 
pGX5204 or a degenerate variant thereof. 

By the method of this invention, high levels of substan- 
tially pure polypeptides can be obtained under conditions 



W ° 90/00200 PCT/US89/01917 

-6- 



where they may be easily isolated from the fermentation broth. 
By the term "substantially pure" is intended polypeptides 
which are substantially one major band by SDS-PAGE polyacryla- 
mide electrophoresis and which contain only minor amounts of 
other proteins which normally contaminate a whole cell lysate, 
as evidenced by the presence of other minor bands. 

The recombinant cells may be cultivated under any 
physiologically compatible conditions of pH and temperature, 
in any suitable nutrient medium containing assimilable sources 
of carbon, nitrogen and essential minerals that support cell 
growth. Recombinant protein-producing cultivation conditions 
will vary according to the type of vector used to transform 
the host cells. For example, certain expression vectors 
comprise regulatory regions which require cell growth at 
certain temperatures, or addition of certain chemicals to the 
cell growth medium, to initiate the gene expression which 
results in the production of the recombinant polypeptide. 
Thus, the term recombinant "protein-producing conditions," as 
used herein, is not meant to be limited to any one set of 
cultivation conditions. 

The expressed protein may be recovered from the fermenta- 
tion broth using any of the methods commonly known to those 
skilled in the art. As a first step, dead cells and insoluble 
debris are removed from the aqueous nutrient medium by 
filtration or centrifugation. Protein G or other recombinant 
protein may then be purified from the fermentation media using 
standard procedures such as absorption to immobilized immuno- 
globulin, as described by Sjoquist, U.S. Patent No. 3,850,798 
(1974), ion exchange or gel chromatography, precipitation 
(e.g., with ammonium sulfate), dialysis, filtration or a 
combination of these methods. 

The method of the invention is not limited to expression 
of polypeptides which have leader sequences. In addition, the 
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invention does not depend on induction of filamentous growth 
of E. coli as described by Abrahamsen et al . . European Patent 
Application 0 225 860. Cell death is complete upon heating at 
70-80°C; thus, induction of filamentous growth at these 
i temperatures is not possible. Moreover, since the fermenta- 

tion media is heated to 50-100°C in as little time as 5 
minutes, there is little time for meaningful physiologically 
related morphological changes. 

Although the inventors do not wish to be bound by any 
particular theory, it is hypothesized that the surprising 
level of purity of the expressed gene products, which results 
from heating at 50-100°C, is due to a dialysis-like effect. 
Such an effect might be expected if the heat treatment causes 
complete loss of membrane integrity. As the temperatures 
utilized in the practice of the invention likely cause the 
complete destruction of the cytoplasmic and outer cell 
membranes, the only remaining barrier to the release of the 
cell contents would be the peptidoglycan (PG) layer of the 
cell envelope. The protoplasmic contents are likely trapped 
within the PG barrier as a result of heat denaturation and 
coagulation. This theory is supported by the observation of 
condensed, granular cytoplasmic material by microscopic 
inspection after heat treatment. Soluble polypeptide, for 
example protein G, diffuses through the PG layer without 
significant impediment, by a dialysis-like mechanism. Thus, 
the polypeptides which may be recovered according to the 
invention, as listed above, are those which remain soluble and 
do not denaturate upon heating. 

The following examples are provided to illustrate the 
invention, and are not to be construed as limiting the 
invention in any manner. 
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EXAMPLE 1 

Preparation of Substantially Pure Protein G 

Recombinant E. coli containing a vector which encodes a 
protein G variant having the immunoglobulin binding properties 
of protein G (GX8465, see U.S. Application Serial No. 063,959, 
filed June 19, 1987, incorporated by reference herein) was 
cultivated in an aqueous nutrient medium (see Table 1) at 
32*C, 800 rpm, 1 vvm, pH 7.2 ± 0.1 (titrants: 10% NaOH, 2M 
H3PO4). After cultivation at 32 e C for 6-12 hours, expression 
of recombinant protein G was induced by raising the broth 
temperature to 42 'C for 1 hr. After 1 hr at 42°C, the broth 
temperature was reduced to 39 °C and maintained at that 
temperature for 3 hours. As shown in Figure 1, separation of 
a whole cell extract by SDS-PAGE electrophoresis followed by 
densitometry scanning of the gel shows that the extract is 
substantially contaminated by other proteins. The broth was 
then heated to 80 e C and maintained at that temperature for one 
hour. Samples were removed periodically for analysis by gel 
electrophoresis (SDS-PAGE). Both cell pellets and cell free 
media were analyzed at 0, 15, 30 and 60 minutes after heating 
to 80°C. 

Before heating, the pellet contained substantially impure 
protein G. At this time, no protein G was detected in the 
fermentation media. At time = 0 (when the temperature reached 
80°C), a considerable band of substantially pure protein G was 
found in the cell -free medium. The corresponding cell pellet 
showed reduced levels of protein G. At time = 15, only a 
trace of protein G remained within the pellet. After 30 
minutes, no protein G was detectable in the pellet. In 
contrast, after heating for 15 minutes at 80 C C, substantially 
pure protein G was observed in the supernatant. The relative 
purity of the protein G in the supernatant did not substan- 
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tially decline after continued heating at 80°C for one hour. 
However, some chemical alteration, as evidenced by a fuzziness 
of the protein G band, was observed after 30 min. at 80°C. 

Thus, heating at 80*C results in the release of substan- 
< tially all of the protein 6 into the supernatant and retention 

of other proteins within the cells. 



TABLE 1 

Fermentation Media Composition 



Inqredients 


Concentration 


Acid digest casein 


30 g/1 


Glucose 


30 g/1 


K 2 HP0 4 


5 g/1 


(NH 4 ) 2 S0 4 


3 g/1 


MgS0 4 .7H 2 0 


0.25 g/1 


CaCl 2 .2H 2 0 


0.1 g/1 


M44 salts (100 X) 


10 ml/1 


Biotin 


0.1 mg/1 


Nicotinamide 


1.0 mg/1 


Ampicillin 


100 mg/1 


Distilled H 2 0 


dilute to 1360 ml 


SAG 4130 


0.25 ml /I 



* » post autoclaving additions 

EXAMPLE 2 
Release of Protein G at 70°C 

The experiment in Example 1 was repeated using a 70°C 
heat treatment instead of an 80°C heat treatment to induce 
release of protein G. At this temperature, the release of 
protein G into the broth does not appear to be complete. 
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Al though substantially pure, the protein G appears to degrade 
after extended heating at 70°C as evidenced by fuzzy bands on 
the polyacryl amide electrophoresis gel. 

EXAMPLE 3 

Release of Protein G at 80 e C for 5 Minutes 

Example 1 was repeated, except that the holding period at 
80-C was reduced to about 5 minutes. This brief exposure 
resulted in essentially quantitative release of substantially 
pure protein G as observed by SDS PAGE electrophoresis (Figure 
2). In addition, the apparent degradation of protein G due to 
prolonged heating (as evidenced by the widening of the protein 
G band on the gel) was greatly reduced. 

EXAMPLE A 

Preparation of Substantially Pure Protein A 

Recombinant E. coli containing a vector which encodes 
Protein A, strain NRRL 15910 (U.S. Patent No. 4,691,009) was 
cultivated in an aqueous medium (see Table 2) at 37 C C, 800 
rpm, 100 min., pH 7.2 ± 0.1 (titrants: 10% NH 4 0H, 2 M H 3 P0 4 ). 
After growth leveled off, the broth was heated to 80 °C for 5 
min, then cooled to 30"C. SDS-PAGE analysis of the distribu- 
tion of recombinant Protein A demonstrated that prior to 
heating, the Protein A was present in the cells and very 
little was detectable in the supernatant. After heating to 
80'C, substantially all of the Protein A was released from the 
cells was present in the broth supernatant in substantially 
pure form. Thus, heat inactivation at 80°C results in the 
release of substantially all of the Protein A into the super- 
natant and the retention of other proteins within the cells in 
a manner analogous to Protein G. 
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TABLE 2 



Fermentation Media Composition 



Ingredients 
Tryptone 
Yeast extract 



Concentration 



30 g/1 
10 g/1 
5 g/1 
3 g/1 
0.25 g/1 
0.1 g/1 
10 ml/1 



K 2 HP0 4 



(NH 4 ) 2 S0 4 

MgS0 4 .7H 2 0 

CaCl 2 .2H 2 0 



M-44 salts (100 X) 



Having now fully described this invention, it will be 
understood by those of skill in the art that the same can be 
performed within a wide and equivalent range of conditions, 
formulations and other parameters without affecting the scope 
of the invention or any embodiment thereof. 
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WHAT IS CLAIMED IS : 

1. A method for the isolation of a substantially pure 
polypeptide expressed by a recombinant host comprising: 

(a) cultivating on an aqueous nutrient medium, 
under recombinant protein producing conditions, a host 
transformed by a vector containing a DNA sequence encoding a 
polypeptide, said vector further comprising expression signals 
which are recognized by said host and which direct the 
expression of said DNA sequence; 

(b) heating said aqueous nutrient medium to 50- 
100°C for a time not to exceed 1 hour to cause release of 
substantially pure polypeptide from the host; and 

(c) recovering said substantially pure polypeptide 
from the aqueous nutrient medium. 

2. The method of claim 1, wherein said recovering 
comprises removal of dead cells and insoluble debris from said 
aqueous nutrient medium. 

3. The method of claim 1, wherein said host is a Gram- 
negative bacterium, 

4. The method of claim 1, wherein said host is selected 
from the group consisting of E. coli . Erwinia sd. and Kleb- 
siella SD. 

5. The method of claim 1, wherein said host is E. coli . 

6. The method of claim 1, wherein said polypeptide is 
selected from the group consisting of protein G or a variant 
thereof having the immunoglobul in-binding properties of 



WO 90/00200 



PCT/US89/01917 



-13- 

protein G, or protein A or a variant thereof having the 
immunoglobul in-binding properties of protein A. 

7. The method of claim 1, wherein said vector contains 
a DNA sequence which encodes protein G or a variant thereof 
having the immunoglobul in-binding properties of protein G. 

8. The method of claim 7, wherein said vector is 
pGX5204. 

9. The method of claim 1, wherein said host is E. coli 
strain NRRL 15910 which contains a vector which encodes 
protein A. 

10. The method of claim 1, wherein said aqueous nutrient 
medium is heated to 80°C for about 5 minutes to cause release 
of substantially pure polypeptide from the host. 

11. A method for the isolation of of a substantially 
pure protein G, or a variant thereof having the immunoglobulin 
binding properties of protein G, expressed by a recombinant 
host comprising: 

(a) cultivating on an aqueous nutrient medium, 
under recombinant protein G producing conditions, a host 
transformed by a vector containing a DNA sequence encoding 
protein G, said vector further comprising expression signals 
which are recognized by said host and which direct the 
expression of said DNA sequence; 

(b) heating said aqueous nutrient medium to 50- 
100°C for a time not to exceed 1 hour to cause release of 
substantially pure protein G from the host; and 

(c) recovering said substantially pure protein G 
from the aqueous nutrient medium. 
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12. The method of claim 9, wherein said host is E. coli . 

13. The method of claim 9, wherein said vector is 
PGX5204. 

14. A method for the isolation of a substantially pure 
protein G variant, having the immunoglobulin binding proper- 
ties of protein G, expressed by recombinant E. coli which 
comprises: 

(a) cultivating on an aqueous nutrient medium, 
under recombinant protein G producing conditions, E. coli 
transformed by the vector pGX5204; 

(b) heating the aqueous nutrient medium to 50-100°C 
for a time not to exeed 1 hour to cause release of substan- 
tially pure protein G from said E. coli : and 

(c) recovering said substantially pure protein G 
variant from the aqueous nutrient medium. 

15. A method for the isolation of a substantially pure 
protein G variant having the immunoglobul in-binding binding 
properties of protein G, expressed from recombinant E. coli 
which comprises: 

(a) cultivating on an aqueous nutrient medium, 
under recombinant protein G producing conditions, E. coli 
transformed by the vector pGX5204; 

(b) heating the aqueous nutrient medium to about 
80°C for about 5 minutes to cause release of said substantial- 
ly pure protein G; variant and 

(c) recovering said substantially pure protein G 
variant from the aqueous nutrient medium. 
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